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Riverside Transmission Reliability Project (RTRP) Hybrid Route 

EMF Analysis for the Underground Segment 

 

In response to the CPUC data request A. 15‐03‐013 Question 19, the following EMF analysis is based on 

preliminary engineering design with a set of assumptions.  The purpose of the EMF analysis is not to 

predict the actual magnetic field levels of the underground construction transmission line (T/L) segment, 

but to compare various design options for no‐cost and low‐cost field reduction measures. 

Typical cross‐sectional of the proposed 230 kV T/L construction method is shown in the figure below.  

Magnetic field levels at the edge of the right‐of‐way (ROW) were evaluated for no‐cost and low‐cost 

field reduction measures. 

 

Assumptions in EMF Analysis: 

 Forecasted peak load flows for Year 2024 are used in EMF calculations 

 Vista‐Wildlife and Mira Loma‐Wildlife 230 kV T/L have opposite load flow directions under 

normal operating conditions 

 Each T/L circuit has two sub‐circuits 

 Edges of duct banks were assumed to be at least 10 feet from ROW edges 

 Evaluations are done for majority of the underground segment, not for areas with vault or 

horizontal directional drillings (HDD) 

 Magnetic field strength was calculated at a height of 1 meter (3.28 feet) above ground 

 Underground T/L cables are assumed to be flat and infinitely long 

 Terrain was assumed to be flat 

 EMF unit is milliGauss (mG) 
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Four options of phase cable arrangement were chosen for evaluation for the range of EMF levels.  EMF 

levels of all other arrangement options would be equivalent or fall in between these four options. 

Option 1 (ABC‐ABC and ABC‐ABC) 

 

Option 2 (ABC‐CBA and ABC‐CBA) 

 

Option 3 (ABC‐CBA and CBA‐ABC) 

 

Option 4 (ABC‐ABC and CBA‐CBA) 

 

*Note: S = Spare conduits 
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Calculated EMF:

 

 

Design Options  Peak Magnetic Field Values within ROW (mG) 

Proposed 230 kV Option 1 (ABC‐ABC and ABC‐ABC) 220

Proposed 230 kV Option 2 (ABC‐CBA and ABC‐CBA)  56 

Proposed 230 kV Option 3 (ABC‐CBA and CBA‐ABC)  51 

Proposed 230 kV Option 4 (ABC‐ABC and CBA‐CBA)  198 

 

 

Conclusion   

Option 2 or 3 are the best possible phase cable arrangements with significant field reduction at edges of 

ROW.  The no‐cost or low‐cost measure of arrange conductors to reduce magnetic field is recommended 

if it is deemed feasible to implement in the final engineering design phase. 
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I. EXECUTIVE SUMMARY 

 
This document is Southern California Edison Company’s (“SCE”) Field Management Plan 

(“FMP”) for the proposed Riverside Transmission Reliability Project (“RTRP”) (“Proposed 
Project”).  The City of Riverside Public Utilities Department (“RPU”) and SCE are proposing to 
construct and operate the Proposed Project in the Cities of Riverside, Norco, and Jurupa Valley 
and in unincorporated areas of Riverside County.  The Proposed Project would involve the 
construction and operation of new double-circuit 230 kilovolt (“kV”) transmission lines (“T/Ls”) 
and new 69 kV subtransmission lines. It also would include a new SCE 230 kV electrical substation 
(Wildlife Substation) and a new RPU 230/69 kV electrical substation (Wilderness Substation) to 
be constructed adjacent to one another east of the Riverside Regional Water Quality Control Plant, 
as well as a number of 69 kV subtransmission circuits and other improvements.  SCE would 
construct, maintain and operate the 230 kV T/Ls and the Wildlife Substation, while Riverside and 
RPU would construct, maintain and operate the Wilderness Substation and the 69 kV 
subtransmission lines.  The Proposed Project would reduce RPU’s dependence on the SCE’s Vista 
Substation, which currently is the sole external source of electricity to RPU.  The Proposed Project 
would provide for an increase in reliability and safety by providing another source path to RPU 
and sufficient electric capacity to meet future load growth and system demand in the City of 
Riverside. 

 
SCE provides this FMP in order to inform the public, the California Public Utilities 

Commission (“CPUC”), and other interested parties of its evaluation of “no-cost and low-cost” 
magnetic field reduction design options for SCE’s portions of the Proposed Project, and SCE’s 
proposed plan to apply these design options where feasible from an engineering perspective and 
still within the cost parameters recommended by the CPUC.  This FMP has been prepared in 
accordance with CPUC Decision No. 93-11-013 and Decision No. 06-01-042 relating to extremely 
low frequency (“ELF”)1 electric and magnetic fields (“EMF”).  This FMP also provides 
background on the current status of scientific research related to possible health effects of EMF, 
and a description of the CPUC’s EMF policy. 

 
The “no-cost and low-cost” magnetic field reduction design options that are incorporated 

into the design of the Project are mainly as follows: 
 

� Utilize double-circuit construction that reduces spacing between circuits as 
compared with single-circuit construction as a “no-cost” measure 

� Arrange conductors of the proposed T/L for magnetic field reduction as a “no-
cost” measure  

� Raise the lowest conductor ground clearance (CGC) from the SCE design 
standard by 10 feet near populated areas as a “low-cost” option where final 
engineering deems feasible  

� Place distribution underground cable duct banks greater than 12 feet from side of 
the Proposed Substation property line as a “no-cost” measure 

                                                 
1  “Extremely low frequency” is defined as the frequency range from 3 Hz to 3,000 Hz. 
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The “no-cost and low-cost” magnetic field reduction design options that SCE considered 

for the Proposed Project are summarized in Table 1. 
 
SCE’s plan for applying the above “no-cost and low-cost” magnetic field reduction design 

options for the Proposed Project is consistent with the CPUC’s EMF policy and with the direction 
of leading national and international health agencies.  Furthermore, the plan complies with SCE’s 
EMF Design Guidelines2, and with applicable national and state safety standards for new electrical 
facilities. 

                                                 
2  EMF Design Guidelines, July 2006. 
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II. BACKGROUND REGARDING EMF AND PUBLIC HEALTH RESEARCH ON 
EMF 
 
There are many sources of power frequency9 electric and magnetic fields, including 

internal household and building wiring, electrical appliances, and electric power transmission and 
distribution lines.  There have been numerous scientific studies about the potential health effects 
of EMF.  After many years of research, the scientific community has been unable to determine if 
exposures to EMF cause health hazards.  State and federal public health regulatory agencies have 
determined that setting numeric exposure limits is not appropriate.10 

Many of the questions about possible connections between EMF exposures and specific 
diseases have been successfully resolved due to an aggressive international research program.  
However, potentially important public health questions remain about whether there is a link 
between EMF exposures and certain diseases, including childhood leukemia and a variety of adult 
diseases (e.g., adult cancers and miscarriages).  As a result, some health authorities have identified 
magnetic field exposures as a possible human carcinogen.  As summarized in greater detail below, 
these conclusions are consistent with the following published reports: the National Institute of 
Environmental Health Sciences (“NIEHS”) 199911, the National Radiation Protection Board 
(“NRPB”) 200112, the International Commission on non-Ionizing Radiation Protection 
(“ICNIRP”) 2001, the California Department of Health Services (“CDHS”) 200213, the 
International Agency for Research on Cancer (“IARC”) 200214 and the World Health Organization 
(“WHO”) 200715 . 

 
The federal government conducted EMF research as a part of a $45 million research 

program managed by the NIEHS.  This program, known as the EMF RAPID (Research and Public 
Information Dissemination), submitted its final report to the U.S. Congress on June 15, 1999.  The 
report concluded that: 

� “The scientific evidence suggesting that ELF-EMF exposures pose any health risk is 
weak.”16 

                                                 
9  In U.S., it is 60 Hertz (Hz). 
10  CPUC Decision 06-01-042, p. 6, footnote 10. 
11  National Institute of Environmental Health Sciences’ Report on Health Effects from Exposures to Power-Line 

frequency Electric and Magnetic Fields, NIH Publication No. 99-4493, June 1999. 
12  National Radiological Protection Board, Electromagnetic Fields and the Risk of Cancer, Report of an Advisory 

Group on Non-ionizing Radiation, Chilton, U.K. 2001. 
13  California Department of Health Services, An Evaluation of the Possible Risks from Electric and Magnetic 

Fields from Power Lines, Internal Wiring, Electrical Occupations, and Appliances, June 2002. 
14  World Health Organization / International Agency for Research on Cancer, IARC Monographs on the 

evaluation of carcinogenic risks to humans (2002), Non-ionizing radiation, Part 1: Static and extremely low-
frequency (ELF) electric and magnetic fields, IARCPress, Lyon, France: International Agency for Research on 
Cancer, Monograph, vol. 80, p. 338, 2002. 

15  WHO, Environmental Health Criteria 238, EXTREMELY LOW FREQUENCY FIELDS, 2007. 
16  National Institute of Environmental Health Sciences, NIEHS Report on Health Effects from Exposures to 

Power-Frequency Electric and Magnetic Fields, p. ii, NIH Publication No. 99-4493, 1999. 
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Figure 4. Calculated Magnetic Field Levels35 for Model 1 
Proposed 230 kV T/L Portion with LST Structures36 

 
 

Table 2. Calculated Magnetic Field Levels37 for Model 1 

Design Options 
Vista-Wildlife 
Side of ROW 

(mG) 

% 
Reduction

38
 

ML-Wildlife Side 
of ROW (mG) % Reduction 

Proposed w/o Phasing 18.6  - 12.6 -  

Proposed w/ Phasing 15.5 16.7 7.3 42.1 

Proposed w/ Phasing and 
+10 ft CGC 13.0 16.1 6.7 8.2 

 

                                                 
35  This figure shows calculated magnetic field levels for design comparison only and is not meant to predict 

actual magnetic field levels. 
36    Structure is not to scale 
37  This table lists calculated magnetic field levels for design comparison only and is not meant to predict 

actual magnetic field levels. 
38  “% Reduction” represents the percentage of reduction achieved with the implementation of the 

referenced “no-cost and/or low-cost” magnetic field reduction measures as compared to the proposed 
design in the previous row in this table. 

Proposed Mira Loma-
Wildlife 230 kV T/L 

Proposed Vista-Wildlife 
230 kV T/L 
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“Low-Cost” recommendations for Model 1: The “low-cost” measure of raising the CGC 
is recommended near populated areas since it would achieve at least 15% of magnetic field 
reduction on one side of the T/L route. 
 
 

Model 2 – Tubular Steel Pole 
 
The proposed TSP structures in the Proposed Project are tangent structures as 

shown in Figure 5.  For EMF analysis, calculated magnetic field levels were evaluated at 
the edges of the approximately 100-foot wide ROW or easement. 

 
“No-Cost” Field Reduction Measures:  The proposed design includes the following “no-
cost” field reduction measure: 

 
1. Utilize double-circuit construction that reduces spacing between circuits as 

compared with single-circuit construction  
2. Arrange conductors of T/Ls for magnetic field reduction (“Phasing”) 
 

 
“Low-Cost” Field Reduction Options:   

 
1. The preliminary engineering analysis was based on minimum structure heights 

of 105 feet above ground with a minimum ground clearance of the lowest 
conductor at 32 feet above ground.  The “low-cost” option of raising the CGC 
by an additional 10 feet from the preliminary design is considered for locations 
adjacent to populated areas. 
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Figure 5. Proposed 230 kV TSP Structures Design - Model 239 

 

 

 
 
             

 

 
Magnetic Field Calculations:  Figure 6 and Table 3 show the calculated magnetic field 
levels for the proposed design with and without field reduction measures.   
 

                                                 
39 Figure is not to scale. 

Proposed Mira Loma-
Wildlife 230 kV T/L 

Proposed Vista-Wildlife 
230 kV T/L 
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Figure 6. Calculated Magnetic Field Levels40 for Model 2 
Proposed 230 kV T/L Portion with TSP Structures41 

 

Table 3. Calculated Magnetic Field Levels42 for Model 2 

Design Options 
Vista-Wildlife 
Side of ROW 

(mG) 
% Reduction

43
 

ML-Wildlife 
Side of ROW 

(mG) 
% Reduction 

Proposed w/o Phasing 18.8  - 13.0 -  

Proposed w/ Phasing 15.5 17.6 7.5 42.3 

Proposed w/ Phasing and 
+10 ft CGC 13.1 15.5 6.9 8.0 

 
“Low-Cost” recommendations for Model 2:  The “low-cost” measure of raising the CGC 
is recommended near populated areas.   

                                                 
40  This figure shows calculated magnetic field levels for design comparison only and is not meant to 

predict actual magnetic field levels. 
41    Structure is not to scale 
42  This table lists calculated magnetic field levels for design comparison only and is not meant to predict 

actual magnetic field levels. 
43  “% Reduction” represents the percentage of reduction achieved with the implementation of the 

referenced “no-cost and/or low-cost” magnetic field reduction measures as compared to the proposed 
design in the previous row in this table. 

Proposed Mira Loma-
Wildlife 230 kV T/L 

Proposed Vista-Wildlife 
230 kV T/L 



 

 25

 
Model 3 – Section Near the Louis Vandermolen Fundamental Elementary School  
 
There is a section in the 230 kV T/L route that would parallel an existing SCE 66 

kV subtransmission line along 68th Street.  The proposed TSP structures in this section are 
mostly tangent structures located on the south side of the 66 kV subtransmission line as 
shown in Figure 7 (the existing 66 kV line is on the north side of the street).  The Louis 
Vandermolen Fundamental Elementary School, as well as residential homes, are on the 
north side of the 66 kV subtransmission line.  For EMF analysis, calculated magnetic field 
levels were evaluated at the edges of the approximately 100-foot wide ROW or easement.  
An assessment of the calculated magnetic field level on the north side of the 66 kV 
subtransmission line was also performed.   

 

Figure 7. Proposed 230 kV T/L Near Louis Vandermolen Fundamental 
Elementary School - Model 344 

(Looking East) 

 

 

 
 
 
             

 

 
 

                                                 
44 Figure is not to scale. 

Proposed Mira Loma-
Wildlife 230 kV T/L 

Proposed Vista-Wildlife 
230 kV T/L 

Existing SCE 66 kV 
Subtransmission Line 
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“No-Cost” Field Reduction Measure:  The proposed design includes the following “no-
cost” field reduction measure: 

 
1. Utilize double-circuit construction that reduces spacing between circuits as 

compared with single-circuit construction  
2. Arrange conductors of T/Ls for magnetic field reduction (“Phasing”) 

 
 
“Low-Cost” Field Reduction Options: 

 
1. The initial analysis was based on minimum structure heights of 105 feet 

above ground with a minimum ground clearance of the lowest conductor at 
32 feet above ground.  The “low-cost” option of raising the CGC by an 
additional 10 feet from the preliminary design is considered for this section. 

 
 
Magnetic Field Calculations:  Figure 8 and Table 4 show the calculated magnetic field 
levels for the proposed design comparing existing and proposed design with and without 
field reduction measures. 
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Figure 8. Calculated Magnetic Field Levels45 for Model 3 
Near Louis Vandermolen Fundamental Elementary School on 68th 

Street46  
(Looking East) 

 
 
 
 
 
 
 
 

                                                 
45  This figure shows calculated magnetic field levels for design comparison only and is not meant to 

predict actual magnetic field levels. 
46    Structures are not to scale 

Proposed Mira Loma-
Wildlife 230 kV T/L 

Proposed Vista-Wildlife 
230 kV T/L 

Existing SCE 66 kV 
Subtransmission Line 
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Table 4. Calculated Magnetic Field Levels47 for Model 3 

Design Options 
Vista-Wildlife 
Side of ROW 

(mG) 
% Reduction

48
 

ML-Wildlife 
Side of ROW 

(mG) 
% Reduction 

Existing 66 kV w/o 
Proposed Project 1.3  0.5  

Proposed w/o Phasing 18.9 Increase 13.0 Increase  

Proposed w/ Phasing 15.6 17.5 7.4 43.1 

Proposed w/ Phasing and 
+10 ft CGC 13.2 15.4 6.9 6.8 

 
“Low-Cost” recommendations for Model 3:  Although increasing the CGC would result 
in more than 15% of field reduction on the north side of the proposed T/L, it would have a 
minimal effect on the north side of the 66 kV subtransmission line where the school and 
homes are.  Therefore, the “low-cost” measure of raising the CGC is NOT recommended 
for this section. 

 
 
Part 2: Proposed 230 kV Substation  
 

Generally, magnetic field values along the substation perimeter are low compared 
to the substation interior because of the distance from the perimeter to the energized 
equipment.  Normally, the highest magnetic field values around the perimeter of a 
substation result from overhead power lines and underground duct banks entering and 
leaving the substation, and are not caused by substation equipment.  Therefore, the 
magnetic field reduction measures generally applicable to a substation project are as 
follows: 

 
� Site selection for a new substation; 
� Setback of substation structures and major substation equipment (such as bus, 

transformers, and underground cable duct banks, etc.) from perimeter; 
� Lines entering and exiting the substation. 

 
The Substation Checklist, as shown on Table 5, is used for evaluating the “no-cost 

and low-cost” measures considered for the proposed Wildlife Substation, the measures 
adopted, and reasons that certain measures were not adopted.   

 
 

                                                 
47  This table lists calculated magnetic field levels for design comparison only and is not meant to predict 

actual magnetic field levels. 
48  “% Reduction” represents the percentage of reduction achieved with the implementation of the 

referenced “no-cost and/or low-cost” magnetic field reduction measures as compared to the proposed 
design in the previous row in this table. 
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Table 5. Substation Checklist for Examining “No-Cost and Low-Cost” Magnetic Field 
Reduction Measures 

No. “No-Cost and Low-Cost” Magnetic Field Reduction 
Measures Evaluated for a Substation Project 

Measures 
Adopted? 
(Yes/No) 

Reason(s) if 
not 

Adopted 
1 Are transformers and air-core reactors > 50 feet from the 

substation property line? 
 

N/A49  

2 Are switch-racks, capacitor banks & bus > 40 feet from 
substation property line? 

 
No 

Not adjacent 
to populated 

area50 
3 Are distribution underground cable duct banks greater than 

12 feet from side of the substation property line?   

 
Yes  

 
 
This document includes only “no-cost and low-cost” magnetic field reduction measures for 
the Proposed T/L route and Wildlife Substation based on preliminary engineering design.  
The City of Riverside’s Final Environmental Impact Report (FEIR) contains various 
alternative T/L routes.  The proposed “no-cost and low-cost” magnetic field reduction 
measures for the Proposed Project can be similarly applied to the alternative line routes.  If 
the alternative route is chosen for this project, a supplemental FMP would be prepared 
based on the final engineering design. 

                                                 
49  “N/A” means “Not Applicable.”  There are no transformers or reactors in the proposed Wildlife 

Substation. 
50   North and South sides of the Proposed Substation will not be adjacent to populated areas 
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VI. FINAL RECOMMENDATIONS FOR IMPLEMENTING “NO-COST AND LOW-
COST” MAGNETIC FIELD REDUCTION DESIGN OPTIONS 
 
In accordance with the EMF Design Guidelines filed with the CPUC in compliance with 

CPUC Decisions 93-11-013 and 06-01-042, SCE would implement the following “no-cost and 
low-cost” magnetic field reduction design options for the Proposed Project.  

 
 
Part 1: Proposed 230 kV Transmission Line Work 
 

Model 1 – Lattice Steel Tower 
 

� Utilize double-circuit construction that reduces spacing between circuits as 
compared with single-circuit construction as a “no-cost” measure 

 
� Arrange conductors of the proposed T/Ls for magnetic field reduction as a “no-

cost” measure  
o Vista-Wildlife 230 kV: B-A-C: top-to-bottom 
o Mira Loma-Wildlife 230 kV: C-A-B: top-to-bottom; or equivalent 

opposite phasing combination 
 

� Raise the lowest conductor ground clearance from the SCE design standard by 10 
feet near residential, commercial/industrial, or recreational areas as a “low-cost” 
option where final engineering deems feasible  
 

Model 2 – Tubular Steel Pole 
 

� Utilize double-circuit construction that reduces spacing between circuits as 
compared with single-circuit construction as a “no-cost” measure 

 
� Arrange conductors of the proposed T/Ls for magnetic field reduction as a “no-

cost” measure  
o Vista-Wildlife 230 kV: B-A-C: top-to-bottom 
o Mira Loma-Wildlife 230 kV: C-A-B: top-to-bottom; or equivalent 

opposite phasing combination 
 

� Raise the lowest conductor ground clearance from the SCE design standard by 10 
feet near residential, commercial/industrial, or recreational areas as a “low-cost” 
option where final engineering deems feasible  

 
Model 3 – Section Near the Louis Vandermolen Fundamental Elementary School 

  
� Utilize double-circuit construction that reduces spacing between circuits as 

compared with single-circuit construction as a “no-cost” measure 
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� Arrange conductors of the proposed T/Ls for magnetic field reduction as a “no-
cost” measure  

o Vista-Wildlife 230 kV: B-A-C: top-to-bottom 
o Mira Loma-Wildlife 230 kV: C-A-B: top-to-bottom; or equivalent 

opposite phasing combination 
 

� The “low-cost” field reduction measure of raising the CGC is Not recommended 
due to minimal effect near populated areas in this section 

 
 
Part 2: Proposed 230 kV Substation  

 
� Place major substation electric equipment away from the substation property 

lines, as shown on Table 5. 
 
 

 SCE’s plan for applying the above “no-cost and low-cost” magnetic field reduction design 
options uniformly for the Proposed Project is consistent with the CPUC’s EMF Decisions No. 
93-11-013 and No. 06-01-042.  Furthermore, the recommendations above meet the CPUC 
approved EMF Design Guidelines, as well as all applicable national and state safety standards for 
new electrical facilities.  If necessary, a supplemental FMP would be prepared based on the final 
engineering design. 
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VII.   APPENDIX A: TWO-DIMENSIONAL MODEL ASSUMPTIONS AND YEAR 
2020 FORECASTED LOADING CONDITIONS 

 
Magnetic Field Model Assumptions: 

 
SCE uses a computer program titled “MFields”51 to model the magnetic field 

characteristics of various transmission designs options.  All magnetic field models and the 
calculated results of magnetic field levels presented in this document are intended only for 
purposes of identifying the relative differences in magnetic field levels among various T/Ls and 
subtransmission line design alternatives under a specific set of modeling assumptions and 
determining whether particular design alternatives can achieve magnetic field level reductions of 
15 percent or more.  The calculated results are not intended to be predictors of the actual magnetic 
field levels at any given time or at any specific location if and when the Proposed Project is 
constructed.   

 
Typical two-dimensional magnetic field modeling assumptions include: 
 

� All transmission and subtransmission lines were modeled using forecasted peak loads (see 
Tables 6 and 7). 

� All conductors were assumed to be straight and infinitely long. 

� Average conductor heights account for line sag used in the calculation for the transmission and 
subtransmission line designs. 

� Magnetic field strength was calculated at a height of three feet above ground. 

� Resultant magnetic fields values were presented in this FMP. 

� All line currents within the same circuit were assumed to be balanced. (i.e. neutral or ground 
currents are not considered) 

� Terrain was assumed to be flat. 

� Project dominant power flow directions in the year of operational date of the Proposed Project 
were used. 

 
 

 

 

 

 

 

                                                 
51  SCE, MFields for Excel, Version 2.0, 2007. 
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Table 6. Year 2020 Forecasted Peak Loading Conditions1 for the Proposed Project (After 
Project Completion) 

Line Name Current 
(Amps)

Power Flow Direction 

Vista-Wildlife 230 kV T/L 347 Vista to Wildlife 

Mira Loma-Wildlife 230 kV T/L 68 Mira Loma to Wildlife 

Mira Loma-Corona-Pedley 66 kV 
Subtransmission Line 

731 Mira Loma to Corona and Pedley 

 
 

 
 
Notes: 

1. Forecasted loading data is based upon scenarios representing peak load forecasts for 2020 
under normal conditions. The forecasting data is subject to change depending upon 
availability of generation, load increases, changes in load demand, and by many other 
factors. 

Table 7. Year 2020 Forecasted Peak Loading Conditions1 without the Proposed Project  

Line Name Current 
(Amps) Power Flow Direction 

Mira Loma-Vista #1 230 kV T/L 65 Vista to Mira Loma 
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